The diagnosis of congenital cytomegalovirus (CMV) infection is often accomplished by the detection of circulating antibody directed against CMV. We devised a method for measuring CMV-specific immunoglobulin M (IgM) based on the isolation of IgM antibody by reaction with a solid phase coated with antihuman IgM. The determination of IgM antibody specific for CMV was accomplished by the subsequent addition of CMV or control antigen and enzyme-labeled CMV antibody (solid phase-IgM method). We compared the sensitivity and specificity of this method with those of a conventional forn of solid-phase enzyme immunoassay in which CMV antigen is bound to the solid phase (solid phase-antigen method). Both assay systems were capable of detecting CMV-specific IgM antibody in the sera of 10 babies with documented CMV infection and in those of the mothers of 4 of these babies. The solid phase-IgM method yielded negative results in all 66 sera available from babies who did not have congenital CMV infection. On the other hand, the solid phase-antigen system yielded false-positive results in 12 (18%) of these sera. In addition, the solid phase-antigen system yielded falsepositive results in 8 of 12 sera obtained from patients with demonstrable rheumatoid factor. However, the solid phase-IgM system yielded negative results for the rheumatoid sera, provided that appropriate control reactions were performed. The solid phase-IgM system is thus a specific and sensitive method for the determination of CMV IgM antibody.
The diagnosis of congenital cytomegalovirus (CMV) infection is often accomplished by the detection of circulating antibody directed against CMV. We devised a method for measuring CMV-specific immunoglobulin M (IgM) based on the isolation of IgM antibody by reaction with a solid phase coated with antihuman IgM. The determination of IgM antibody specific for CMV was accomplished by the subsequent addition of CMV or control antigen and enzyme-labeled CMV antibody (solid phase-IgM method). We compared the sensitivity and specificity of this method with those of a conventional forn of solid-phase enzyme immunoassay in which CMV antigen is bound to the solid phase (solid phase-antigen method). Both assay systems were capable of detecting CMV-specific IgM antibody in the sera of 10 babies with documented CMV infection and in those of the mothers of 4 of these babies. The solid phase-IgM method yielded negative results in all 66 sera available from babies who did not have congenital CMV infection. On the other hand, the solid phase-antigen system yielded false-positive results in 12 (18%) of these sera. In addition, the solid phase-antigen system yielded falsepositive results in 8 of 12 sera obtained from patients with demonstrable rheumatoid factor. However, the solid phase-IgM system yielded negative results for the rheumatoid sera, provided that appropriate control reactions were performed. The solid phase-IgM system is thus a specific and sensitive method for the determination of CMV IgM antibody.
Cytomegalovirus (CMV) is an important cause of congenital infections (9, 28) . Accurate diagnosis of congenital CMV infection is desirable to insure the optimum management of affected children (13) . Since viral isolation can require several days to perform and often cannot distinguish between cogenital and perinatal infection, the diagnosis of congenital CMV infection is often made by the demonstration of an immune response to the virus (9, 19, 25 (14) . These sera were obtained from adults with suspected rheumatoid disease.
EIA: S-IgM method. For the solid-phase IgM (SIgM) method, the optimal dilution of all reagents was determined by checkerboard titration. A volume of 0.1 ml was used for all incubations. Washing steps were performed by the addition of 0.2 ml of phosphatebuffered saline containing 0.05% Tween 20 (PBST) followed by the immediate removal of wash fluid with a vacuum manifold (32) . This process was repeated five times in each washing step. Preliminary studies with known positive sera revealed that in both EIA systems, sera at dilutions more concentrated than 1: 160 did not give specific activities greater than those found at a dilution of 1:160. In addition, the testing of sera at dilutions more concentrated than 1:160 led to a higher degree of nonspecific activity. Thus, subsequent sera specimens were tested at fourfold dilutions starting at 1:160. The sera were diluted in PBST containing 1% normal goat serum and 0.5% gelatin (PBSTS).
The wells of polyvinyl, round-bottomed microtiter plates (Dynatech, model 220-224) were coated with goat antihuman IgM immunoglobulin at a concentration of 1 ,g/ml in 0.06 M carbonate buffer, pH 9.6. After incubation for 14 h at 4°C, the plates were either used immediately or stored until use. Before use, the plates were washed five times with PBST, and each dilution of specimen was added to four microtiter wells. After another incubation for 2 h at 370C, the plates were washed, and samples of either CMV complement fixation antigen or control antigen, both diluted 1:160 in PBSTS, were added to the plate in such a way that each specimen dilution was tested in duplicate wells to which CMV antigen had been added and duplicate wells to which control antigen had been added. After EIA for rheumatoid factor. Sera were tested for rheumatoid factor by an EIA method modified from that of Ziola et al. (33) . Human IgG was diluted to a concentration of 1 tg/ml in 0.06 M carbonate buffer (pH 9.6) and added to the wells of polyvinyl microtiter plates. After incubation for 14 h at 4°C, the plates were washed, and the test sera were diluted 1:160 in PBST gelatin before being added to the coated wells. After incubation for 1 h at 37°C, the plates were washed, and enzyme-labeled antihuman IgM was added. After incubation for 1 h at 37'C, the plates were washed, and substrate was added as described above. Three sera from healthy adults were added to each plate as negative controls. A specimen was considered to be positive for rheumatoid factor if it yielded an absorbance value which was 2 standard deviations greater than the mean of the negative control sera.
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on June 23, 2017 by guest http://jcm.asm.org/ Downloaded from RESULTS A total of 10 sera were available from children with congenital CMV infection and 4 sera from mothers of babies with congenital CMV infection acquired during the second trimester of pregnancy. All 14 gave positive results in both the S-IgM and S-Ag systems (Fig. 1) . The geometric mean titer of the positive sera was 2,560 for the S-Ag assay and 2,334 for the S-IgM assay. The difference between these two values was not statistically significant. Although there were differences between individual titers, the correlation coefficient between the two systems was 0.61, and the Spearman rank coefficient (2) was 0.54. This Spearman rank coefficient indicates that the relationship between the titers obtained by the S-Ag and S-IgM systems was statistically significant (P < 0.05).
A total of 66 sera were available from babies known not to have CMV infection on the basis of repeated negative urine cultures for CMV. These included four sera from children known to have congenital rubella infection. All of these 66 control sera were negative for CMV IgM by the S-IgM assay method. However, 12 3 of the 12 sera reacted significantly in wells to which the antigen had been added. However, these sera reacted equally in the wells to which control antigen had been added, yielding a specific activity which was less than 2 standard deviations greater than the mean of the negative controls (Table 2) . Thus, all 12 were negative by the criteria used to determine positivity. The S-IgM system was thus significantly more specific (P < 0.01) than the S-Ag system for the measurement However, systems utilizing an antigen bound to a solid phase possess a number of theoretical disadvantages. These disadvantages are based on the fact that most sera which contain IgM antibodies to a particular antigen will also contain IgG antibodies to the same antigen (11, 32) . Since the IgG antibodies can be present in higher concentrations than the IgM, it is possible that there will be competition for a limited number of antigenic sites and that small amounts of IgM might not be measured in the presence of an excess of IgG (16, 17, 26) . In addition, the presence of rheumatoid factor, a class of IgM antibodies with a high affinity for IgG, will lead to a false-positive determination of IgM activity, since such rheumatoid factor antibodies will react with IgG bound to the solid-phase antigen and be detected by the labeled anti-IgM indicator antibody (12, 14, 21) . Since the presence of serum rheumatoid factor is common in a number of disease processes, including acute infections in the neonatal period, the presence of rheumatoid factor could be an important confounding event in solid-phase antibody assays for the measurement of specific IgM antibodies (16, 21) . These disadvantages are avoided by utilizing a different type of solid-phase assay as described by Duermeyer and Van Derveen and Flehmig et al. (5, 7) . In this form of assay, antihuman IgM is bound to the solid phase. The serum specimen is then added. Antibodies of the IgM class bind to the solid phase, whereas IgG antibodies and other irrelevant reactants are removed in the subsequent washing step. The bound IgM antibody is identified as being directed against the antigen in question by the addition of a labeled antigen or, alternately, unlabeled antigen followed by labeled specific antibody directed against the antigen. Since IgG is removed in the first washing step, blocking of antigenic sites with IgG antibody should not be a problem (5, 7, 17) . In addition, classical rheumatoid factor should not yield a false-positive result since there is little human IgG with which the IgM can react, provided that human IgG antibody is not used as the labeled indicator (15) . To determine whether these theoretical advantages and disadvantages would result in practical differences in the measurement of IgM antibody directed against CMV, we developed a solid-phase anti-IgM EIA for the measurement of CMV anti-IgM and compared its sensitivity and specificity with an EIA based on the binding of CMV antigen to the solid phase. These experiments indicated that both assays had approximately equal sensitivity for the measurement of CMV IgM (Fig. 1) . However, although the sensitivity of the assay systems was equivalent, the S-IgM system was more specific than the S-Ag system. Thus, although no false-positive reactions were noted with the S-IgM system, 18% of the sera tested by the S-Ag system yielded positive results in spite of the fact that they were obtained from babies who had no evidence of CMV infection. All of the false-positive sera contained IgM antibody capable of reacting with IgG, as determined by a sensitive EIA for rheumatoid factor. In addition, sera from 8 of the 12 adults positive for rheumatoid factor showed positive reactivity in the S-Ag system for CMV IgM. With the SIgM system, three of the rheumatoid factor sera did react with the reagents used to coat the solid phase in this system. However, the false-positive reactivity could be distinguished from true positive reactivity due to the fact that these sera reacted equally in wells with CMV antigen and in those with control antigen (30) . Thus, the net specific activity of these sera was not greater than that of the negative control sera. The reactivity noted in the three sera was probably due to the presence of an IgM antibody directed against the goat immunoglobulin used as the enzyme-labeled reagent directed against CMV (30) . Such nonspecific reactions do not appear to occur in S-IgM radioimmunoassays for the measurement of IgM antihepatitis antibody, provided that the specimens are diluted in a solution containing normal serum (5, 15) . The higher rate of reactivity in EIA systems is probably due to the fact that antiglobulins have a higher affinity for polymerized enzyme-labeled antibody than for monomeric antibody labeled with radioactive iodine (22) . It is thus necessary that control reactions be performed in the SIgM EIA systems to recognize nonspecific reactivity due to antiglobulins.
One additional difference between the S-Ag and S-IgM systems described in this report is that alkaline phosphatase was used as the enzyme marker for the S-Ag system, whereas peroxidase was utilized as the marker for the S-IgM system. However, in previous studies we and others have shown that the two enzymes yield equivalent results in terms of sensitivity (1, 31). In addition, we conducted some experiments using alkaline phosphatase-labeled anti-CMV in the S-IgM system and peroxidase-labeled antihuman IgM in the S-Ag system. In all cases the results were equivalent to the ones presented above. It is therefore unlikely that the choice of enzymes could explain the increased specificity of the S-IgM system as compared to the S-Ag system.
Because of the confounding nature of rheumatoid factor in S-Ag antibody systems, a number of methods have been developed to reduce the influence of rheumatoid factor. These include the physical separation of the IgM fraction of the sera by means of gel exclusion chromatography, density sedimentation, or reaction with a reducing agent (3, 11, 20, 21, 30) . In addition, the rheumatoid factor can be absorbed by the incubation of the sera with heat-or glutaraldehydeaggregated IgG (12, 14, 23, 32) . Alternately, some of the IgG can be removed from the sera by absorption with staphylococcal protein A (8) . Although all of these methods can reduce the effect of rheumatoid factor to some extent, they do not always result in the complete removal of false-positive reactions due to IgM antiglobulins (7, 21, 26) . In addition, the need for preparative reactions increases the time required for the performance of the IgM assay and limits largescale testing. On the other hand, the S-IgM EIA system was not affected by the presence of rheumatoid factor in the sera as long as proper control reactions were performed. Our results are thus in keeping with those of Moller and Mathiesen, Naot et al., and Naot and Remington, who found the S-IgM method to be the preferred EIA system for measuring IgM antibody directed against hepatitis A (15) and Toxoplasma gondii (16, 17) .
Schmitz et al. recently described an S-IgM ETA for the measurement of CMV IgM antibody that uses enzyme-labeled CMV antigen to react with the specific IgM bound to the solid phase (22) . The results of their system were similar to ours in that excellent specificity and sensitivity were noted. However, their system requires the use of purified enzyme-labeled viral antigen, a reagent which is not widely available. On the other hand, our system, which requires unlabeled antigen but enzyme-labeled antibody, utilizes reagents which are commercially available. The widespread availability of assays capable of accurately measuring CMV antihuman IgM might markedly improve the rapid diagnosis of CMV infections in the prenatal and postnatal periods. In addition, the development of similar assays for the accurate measurement of IgM antibodies directed against other infectious antigens might prove to be useful for the rapid diagnosis of other infectious diseases.
